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Abstract 
Brushless DC (BLDC) engine drives are consistently picking up prevalence in movement 
control applications. In this way, it is important to have an ease, yet compelling BLDC 
engine Speed/Torque controller. This paper displays a novel idea for computerized control of 
Trapezoidal BLDC engine, and methodologies an immediate torque control (DTC) system for 
BLDC engines with non-sinusoidal back electromotive power (EMF) utilizing a six switch 
inverter consistent torque area. By properly selecting the inverter voltage from a simple look 
up table at a predefined sampling time, the desired quasi-square wave current is obtained. 
Therefore, a much faster torque response is achieved compare to conventional method. In 
addition, for effective torque control, a novel switching pattern incorporating the look up 
table is designed and implemented for a six switch inverter to produce the desired torque 
characteristics as a result it is possible to achieve BLDC motor speed control using DTC. A 
theoretical concept is developed and the validity and effectiveness of the proposed DTC 
scheme are verified through the simulation and experimental results. 
 
Keywords: Brushless DC (BLDC) motor, direct torque control (DTC), inverter, non 
sinusoidal back EMF 
 
INTRODUCTION 
An engine that holds the qualities of a dc 
engine, however, disposes of the 
commutator and the brushes are known as 
a Brushless DC engine. Much of the time 
BLDC engines supplant ordinary DC 
engines. They are driven by DC voltage, 
however, current replacement is finished 
by strong state switches called Electronic 
substitution. BLDC engines are accessible 
in various force evaluations, from little 
engines as utilized as a part of hard plate 
drives to extensive engines in electric 
vehicles. Three phase motors are most 
common but two phase motors are also 
found in many applications. The torque of 
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the BLDC motor is mainly influenced by 
the waveform of back-EMF (the voltage 
induced into the stator winding due to 
rotor movement). 
 
Permanent magnet machines are 
applicable in key applications of critical 
importance, such as aerospace industry, 
tool drives and electric vehicle driving 
system since these needs to supply to 
servo applications. Due to this the 
importance of accurate control with fast 
response becomes mandatory and vital. 
Also, these applications necessitate the 
torque speed characteristics to be superior 
and load density to be low. The inbuilt 
disadvantages of typical DC machines 
which demand the utilization of 
mechanical brushes and problems 
associated with commutator has made the 
use of these motors inevitable to high 
performance applications. 
 
 In this paper PMBLDC Motor, which can 
provide high torque for high acceleration 
and deceleration rates is examined for its 
operation with motor parameters including 
reluctance variations and other magnetic 
saturation effects. The PMBLDC drive 
framework which includes actually an 
inverter controller course of action which 
controls the obligation cycle of the six 
switch inverter utilizing PWM procedure. 
Brushless DC engine (BLDCM) has been 
extensively utilized as a part of modern 
applications that require high unwavering 
quality and exact control because of its 
straightforward structure. The execution 
of such engines has been fundamentally 
enhanced because of the colossal 
advancement of force gadgets, 
microelectronics. However, compensation 
torque swell, which commonly happens 
attributable to the loss of precise stage 
current control, is one of the real issues in 
BLDC engine. In this way, numerous 
systems have been performed to lessen 
recompense torque swell. Another control 
strategy of BLDC was developed as Direct 
Torque Control (DTC). Using DTC it is 
possible to obtain a good dynamic control 
of torque without any mechanical 
transducers.   
 
LITERATURE SURVEY 
Several investigations are made on speed 
control of BLDC motor using different 
techniques and are available in the form of 
literatures; here such few literatures are 
coined and as described below. 
 
DTC systems have been generally 
executed in affectation machine drives. 
They permit an immediate control of the 
electromagnetic torque and the stator flux 
through the use of appropriate mixes of 
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the control signs of the inverter switches. 
In this manner in DTC, Torque is 
controlled through the 
determination of ideal inverter exchanging 
states. DTC technique is superior to vector 
control because of the advantages like fast 
torque response, low inverter switching 
frequency, low harmonic loss, absence of 
coordinate transformation. This control 
strategy in this work has been applied for 
BLDC drive [1]. 
 
The principle of DTC when applied to a 
BLDC drive is described the current and 
torque ripple which result due to 
commutation events in a 120
o
-electrical-
conduction three-phase star-connected 
BLDC drive are analyzed, in a similar way 
to that given in a controllable three-phase 
switching mode is then introduced during 
the commutation periods, and the resulting 
current and torque ripple are analyzed. 
Finally, the two operating modes are 
combined to minimize the commutation 
torque ripple in a DTC BLDC drive [2]. 
 
The electromagnetic torque estimation is 
the key factor in the DTC of a BLDC 
motor drive in the steady torque district. 
For a surface–mounted BLDC engine the 
back-EMF waveform is trapezoidal 
unessential of leading mode. BLDC works 
in both steady torque district and 
consistent force area [3]. The scientific 
model of the DTC based BLDC engine is 
produced and it is utilized to look at the 
execution of the controllers. At first a PI 
controller is created for the rate control of 
the given BLDC engine [4]. 
 
There are several methods to vary the 
speed of the BLDC motor over a wide 
range.  Vector control is an effective 
technique for controlling variable speed 
drives using brushless DC motor. A 
relationship is established between the 
torque, ﬂux and the optimal inverter 
switching so as to achieve a fast torque 
response Conventional vector controllers, 
however, suffer from Electrical machine 
parameter variation because this 
controlled depending on the parameters 
and the vector control algorithm is more 
complicated than the direct torque 
control [5–8]. 
 
The objectives are here as follows:  
1. To provide an alternative approach to 
solve speed tracking problems for 
BLDC motor drive. 
2. To minimize the losses. 
3. To minimize the volume requirement. 
 
METHODOLOGY 
Consider a proposed block diagram shown 
in Figure 1, for speed control of BLDC 
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motor. The various blocks involved are as 
below. 
 
Rectifier 
An electrical device that converts 
alternating current (AC), which 
periodically reverses direction, to direct 
current (DC), which flows in only one 
direction.  
 
DC Link 
A connection which connects rectifier and 
inverter. It prevents the transients from the 
load side from going back to the 
distributor side. It also serves to 
smoothening the pulse. 
 
Inverter 
An electrical apparatus that changes direct 
current (DC) to alternating current (AC). 
 
BLDC Motor 
A permanent synchronous machine with 
rotor position feedback. The brushless 
motors are generally controlled using a 
three phase power semiconductor bridge. 
The engine requires a rotor position sensor 
for beginning and for giving appropriate 
replacement arrangement to turn on the 
force gadgets in the inverter span. Taking 
into account the rotor position, the force 
gadgets are commutated consecutively 
every 60 degrees. Rather than 
commutating the armature current 
utilizing brushes, electronic recompense is 
utilized hence it is an electronic engine. 
This disposes of the issues connected with 
the brush and the commutator course of 
action, for instance, starting and 
destroying of the commutator brush game 
plan, along these lines, making a BLDC 
rougher when contrasted with a dc engine.  
 
Rotor Position Sensors 
Corridor Effect sensors give the part of 
data need to synchronize the engine 
excitation with rotor position keeping in 
mind the end goal to deliver steady torque. 
It identifies the change in attractive field. 
The rotor magnets are utilized as triggers 
the lobby sensors. A signal molding 
circuit coordinated with lobby switch 
gives a TTL-perfect heartbeat with sharp 
edges. Three lobby sensors are set 120 
degree separated are mounted on the stator 
outline. The lobby sensors advanced signs 
are utilized to sense the rotor position. 
 
Fig. 1:  Proposed Block Diagram. 
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Speed Controller 
PI controller has the perfect control 
movement including zero determined state 
screw up, brisk response (short climb 
time), no movements and higher security. 
The need of using an auxiliary expand 
fragment as a piece of development to the 
PI controller is to wipe out the overshoot 
and the movements happening in the yield 
response of the structure. One of the 
primary preferences of the PI controller is 
that it can be utilized with higher request 
forms including more than single vitality 
stockpiling. 
 
PI Speed Controller 
A proportional integral-derivative is 
control loop feedback mechanism used in 
industrial control system. In industrial 
process a PI controller attempts to correct 
that error between a measured process 
variable and desired set point by 
calculating and then outputting corrective 
action that can adjust the process 
accordingly. The PI controller 
computation includes two separate modes 
the relative mode, vital mode. The relative 
mode choose the reaction to the present 
goof, fundamental mode chooses the 
reaction based late misstep. The weighted 
total of the two modes yield as medicinal 
action to the control part. PI controller is 
broadly utilized as a part of industry 
because of its simplicity in outline and 
straightforward structure. PI controller 
calculation can be actualized as, Where e 
(t) = set reference esteem–real figured. 
 
Switching Table 
 The 6-step driving sequence for a BLDC 
motor can be generated. Table 1 provides 
the switching sequence for power circuitry 
based on a Hall sensor output. 
 
Table 1: Switching Table. 
 
 
Estimator 
This involves calculating an estimate of 
the motor’s magnetic flux and torque 
based on the measured voltage and current 
of the motor. 
 
EXPERIMENTAL SETUP 
Consider, the experimental setup made for 
BLDC motor speed control using DTC 
Technique as shown in Figure 2. to  which  
single phase 230V,50 Hz, AC supply is  
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given,  and it is fed into stepdown 
transformer to  stepdown  a voltage to 
required level say 12V, and the output 
from it will be given to one end of the 
driver circuit. 
 
 
Fig. 2: Experimental Setup for BLDC 
Motor Speed Control. 
 
The MCT2E is the Optocoupler connected 
to the buffer CD4050 which sense the 
pulse signals of 5 volts from 
microcontroller and directed to driver 
circuit, thus  driver circuit get enhanced 
using the 2N2222 transistor to a  high 
level of voltage, and hence it is regulated. 
The regulated voltage of 12V is used to 
enhance the switching voltage of three 
phase inverter MOSFET (which are six in  
numbers), then alternatively as per 
switching sequence the respective 
MOSFET gets turned ON. Thus  the 
output from  three phase inverter which is 
of 24 volts (based on switching sequence 
of three phase inverter) will rotate the 
BLDC motor. 
 
Keil Microvision software is used to dump 
the program to Microcontroller AT89S51 
which is a powerful microcomputer which 
provides a highly-flexible and cost-
effective solution to many embedded 
control applications. 
 
SIMULATION RESULTS 
The different output waveforms obtained 
during simulation are listed as below. 
MATLAB software is used for simulation. 
 
Rotor Speed 
Figure 3 shows the graph of speed 
simulation, in which standard speed is 500 
rpm. From the proposed system, it is clear 
that the speed performance is improved 
compared to the existing four switch 
method as shown in Figure 4.  
 
Fig. 3: Waveform of Simulated Speed for 
B6 Inverter. 
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Fig. 4: Waveform of Simulated Speed for 
B4 Inverter. 
 
Electromagnetic Torque 
 
Fig. 5: Waveform for Electromagnetic 
Torque using DTC of B6 Inverter. 
 
Figure 5 shows the waveform of 
electromagnetic torque when DTC is used 
with set of MOSFETS.  
 
CONCLUSION  
In this paper, another DTC plan for BLDC 
engine drive is proposed. A PI controller 
is utilized by the external circle to build up 
the execution of rate control. Simulink 
models were produced in Matlab 2013a 
with the PI controller for the rate control 
of BLDC engine. The fundamental 
preferred standpoint of controlling the 
velocity of BLDC engine is to build the 
dynamic execution and give great 
adjustment. The results shows that, the 
proposed control technique gives better 
performance as the motor torque and the 
speed are better than that of the 
conventional type, the feedback based 
modulation technique was replaced by 
carrier based space vector modulation at 
the expense of simplicity lost and partially 
of inferior quality dynamics. During 
commutation periods at high rotational 
speeds, it automatically combines two- 
and three-phase switching modes by 
minimizing the error between the 
commanded torque and the estimated 
torque. Hence, the proposed system PI 
based controller can be implemented for 
controlling the torque ripple reduction. 
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